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cyliadtr from -Aieh a seiles ot Im^Mdimal hax  ^ ildfee arises 
p»etieiQ,ly tonltoecmsiy* TM Jtwenile f«athsr, toy eoEtrajrti, is dis-
•felfflfitly MlattrsJ., although tt »tffliBi a i^remXar bas». laifc# foi* 
e<»ti«ally emr s» (Wtenisi p«flodf ailitef o» tlhe TeHtml std® of ia3«' 
eiimlap hmm mi lt»ftl»atiig a» tMy pass dormllj &mvM tl» eyltadtr to 
Mth the ioira  ^ilaft or rl»eM.s« rbaeMs it:s®lf ext#rsif 
diitaHyi ewtyiif tto® feaAs with it. Tlier® is, th©% .a bilattrally 
pm4i«nt t^ ©a@i the oilgljial wlial s i^etiy of tlw 
f«fttb®r» fl» fo» of th# •t^mmtrf mA Wm itoitittim «f tlie @pid8»al 
patteim mm fcoow. te ails« Isy tl» tsAioti-w «tiTity ©f the dsiaid ^ piUa 
Cfi»@ lit«j«femr® wl®*- fli«r® ie ,«!»# tli® p«fe i^lity that stra©-. 
t«a»a3. <tetails ef tl» fptdtaal £@atli®T saefe m laafes, l>ai%sfl.ea, aoi hook--
l#t» am <feptni»iA wpm tl» w«<tei®al rtaatratm {&«iltM. mxA loning,^  
Wvm tJte f®»f©ii^ g  ^ it afi»»s eMm that tli# Javemilyi tmskttmv 
pmmmm «<Mitimitl of ^st»'©tert ai»i ptoysiole^eal ami 
(hsvtlepwotiil p'Mieat® lAieh wtk® it paj?ti.©»Xarl.y attroeti-ro for Wsto-
tliMieal si^  «8ilME l^®gieri 'stmil^ s* % a m^xtwm. of ttie MstoofeMicaJl 
©to«ge# in tlie Jtiwail® fta-a^r witlj thos# f«M in tli® tea fsatfeeyji it 
ia tlat til® ^mmn% sta#- mj sweal mw& of th® »ori>hogeE®tic 
p»©e#i®i e««ofi t© bofcli. 
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dcraiard* ia tte 1».i« -of tte felliel® ia th® dsmai trm "rtieli 
tbe mesiAwmi. mm dt tlj® feather nMsta* 
fte foimticm of feai% rii^s ha» iwarly m eoapifttaly wltfe tli® 
fotaatioa eC tli« flpill of tli® iam f«ath«r| it be^s mm m tl® 
eli®iiits <rf tis® dtfSaiti*© f««t;t»r aye f ©»#i. ?1» walls th# Jmireaiile 
fsatltop (^liaier am in eoiitrast t« tfct® rilstifely tM® waHs of tlii 
40m ftli baA iPi<ig®» fowiiig m ia the wall of 
tlii ftatter, tl»y «» ©mt m% trm ®ylto<i®r' fey longitttaiaal i«f©Mii  ^
of th» gtfmtw ^HutelwSf wliieli ttes mpkrs^m tim @yliiid®r iat© a 
of « fi»»« fidfes £mm &lm»% #ta«lt®iieowsly Av&mii. tli« 
f«atl»r eyHBi#?, «c5«pt t&r a •aifl.l swa m Iti dorsal sarfie®# Th»»-, 
ifee tfeaehis ailtes iistaHy toy tl» p-o^ssiw mijm  ^ridg®» 
m ©itIwF si& of tMi point. Addttiooal ijaaA ildfas etmtteae to aris» 
mn%rs31j m «itl»r s4#8 «f « sasll tjl-an^lar af»s (tbe fentml Ioots), 
«ai pmm dewally Mth dbliqa# ort.«Btatl« am3©d tite e©llar t©  ^jrihaeM®* 
I\irtlier &t ttoa batto ildgti oc»rs ehi«fly ia th@ 
»l»fcw inteiaiiiiM# either fi<  ^ of tl» ildf®, tht eells llae tip to 
foim a fOT '<£ ®yMniri.cal s«ll»,. wWelt si^s 1  ^ th» l»it>al® o«lls of %im 
Iwcto plat®. At tl» immv «if@ tjf irtJga is a o«at««l mass of i»iiff«r» 
•iitiat«i e®lls miieiag tha bails st*., flie## ©«llf mlarm «Hd liollOTf 
»t| la-^r eoridfieatioa 1«ict«» only ttoe e«ll walls a|^ o#®d to wmh 
©titer.' fhm& m%le b®oo«# tl» asiiallafy  ^sAstane# of tb« Mitj st«» ipm 
iM-cii otter e«lls eaideas® aM eosttify t® f©« the eorteic of the ba^» 
fli« t«lls aaiciBg the fewlstfl® platt •laagat# fwtriphsr l^y and 
iistaHy »t tlteif ixmmr 9Am» e«lli »«w-«t -tt® fesA st«m t»d«r-. 
golag tli« p«eat®^it Mi^laewwat, 11ie« l«tt«r e^lls torn t!» atta«lm®»t 
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of til© meatlQMd abow wera eoa^raed tliiost «slttsiv@ly 
irtMi tl» spe^allMttofts «sf the epii®»is aM foaaattm of th$ baAt« 
I»wl«s t« ^ b. de'aal papilla asi pulp toilefjy, md mm-
tte l"oi«ati®B of p3.1|) oaps at the of th® perloi of grosftli «af 
*as« ftatlitr# 'Mlli# {1^11©) in a »©» e<api®to sta%,. fc®a4 m wvimmm ai 
mil Mvisim ta $h$ palp papdls# Wrm th« rtlstioas of 
thi 'palp to tl» ii^lte^»iS| h« a»t®*«jjted that tJ» palp 1# hf %hB 
I»pSlla at it® b«(« wi gtmm at ttee »m§ »•!« as ths gftieisls. 
•aftti* a emtaAM ^ tmv^lomV Itiftfe it attained, th® p«lp aipears to 
al>s©i%t€ J it# %i|> 'firaaiMjii at a ewstaut ^ dlstane® &h&m th® Tmm 
of th® ffatli«r» ,. 4 strf.®® of f«lp «p» is tmm$& apieally frm •Qi© iaaes* 
Ixymr <3t tito' ttr^a® ©fltsiritiMB, tli« ##-ea21etf. pdp a® m mml% 
of aai shrlritemft of th# ^pilp hsilm it*- Mlli® tfet 
«sf th# pilp frm m omtrttlf® affcaa^<iiat| tha rapidJy growtof 
ii«®is a go^ bit©*! iapply# 'Ri® thinnlag iM i®«slag diiappeaa*-
mm of -Hie feai®»«t aeBtof«i« Im tlii m0.m of to Maogentms aon® ms^  
possi^:!^ fa:<dlit#'t® -Hi# ib®©3?ptioB of fh® ,i»3.p i«' S»por*-
tant la ffiala-taiatoif tli© ilgiittf tte feathtr.sM fiwrtutia® iistoyti-oa 
of ti» mpMoxml elmmn^a aalil tl»y ax® safflei(«tly k«r»tl®i8ei to 
s^p®rt th^sliTtts. M thiis QmamU.mt tte pulp aaiataitts. its tm?gor hj 
m&m '^ ©f a kwaegeatai# p^iai aisitai^* fit® pilp mp Is 
lmp»t«it- 3a pxt>t#etiag tl» pilp twm i«si®®atic» aM aalBtaiaJjif %im 
mttr p's^ent of ^  ftathay. 
Qaff ClAf) aetoiemal ooistitwats dt the f«atl»^ 
1» ehici: «tey®s, -i»4tli partlcRilar «ipli«sls m tl» smpply t© th® 
palp* %• Siijactliig cataaaottt lileoi wssel# Jba the wtog® of mSOTfrn, 
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11 
pro^«d ^oiMl 'WiBf® te^j^natei itracturos btstrtBg eiiaraet#rlsti© 
leg smssmvd., »*£», olw aa4 iiealw# fliey coneli^d that at tMs early 
stag® tte sesodftM io»s t® aet im. m ipteific awMisT and eaii eitatolisli 
^elftcity Is, th® «etoi®» •Aioh Is ret«iB©<l thwwgfcottt tb@ lif« of -Mi® 
bird. Mmmmfg. t^y foaaA »m» aoaifieattee ctf* tM# «ff®«t by tlit wing 
A» ©xtmil-ro »fl«ir of the ta emm-^±m wttli th© Msto-
of til® epiiswtl ieitrntiwa Ms -alTOady hem wmA» 
CEoMnf, W$3}$ sad ©»ly a f« ©f th# m&m p«rbiaeiit st«di.«s «««d 
tlett®a 1mm % 
« 
S^a«® il9h$) was tl» fiwt to f 4a4 a pli^sphatas® w&ction in tte' 
folliel® dt the hair, parti«Xarly ia tl» «iit3«l pittii of the si»«tli| M 
©b»w©sl Mttl# waetiott '*t tke %©tt<* of tl» Bat©h®P;» 
and BtwiXaofier (IfliS) »port»d that plio^tetMa Is pmmwk ia tli© cc»a#oti-w 
tissw Mhmth •(£. m% htlr aM alto in th® 'p&piMMg btglJoiiiHg idtli mrf mrlj 
«tag«i 0f asifia.^ «Eit mi m&wly disippeaadteg dmadag ttot x^stlag ®tag«. 
fli®y ®iigg®«t»i that pliespfe»tss®' at#it he e&emMt&A "Uitk aelMter proMfer-
atioa aai Mirt^-il^exeatiation* 
lo«fcapi% @ias©j aai ^its Clf5t) exaiainsd  ^iteia md heeir for 
polfst««liaKl«tes# f|»y f©atti tlimt gljeegea Is p»i»nt ia th© external 
iheatli of l»tr f©llieleg M tl» fom «f isiimTcmllnlm biliaf®®,. as well m 
ixi ia» iBt«»al sheatfe aad tfce iwinlla, ©f slewly ffxiwlng hairi. cayoogtii 
appears to im- abttn4ait in sites «!»» a i^niaig •©£ lce»tjjiis®d iMt#ilia. 
M® »tawie{| th® no*al mt0 of keratinisatien# Si» ilsa.pp«aw 
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locaMatd th« dorsal aad ventral sides of th® papilla* 
Littl# ®pid®r*l phosftoatas® ts fowid, «ith tl» exceptim of ti« basal 
layers n®ar tJi® prcK«daal «iid of thm ftathetr* Mbomcleio acid is present 
ia the eytoplaM ot the «pi4®i»al e«ll» wMeli lie adjacent to the most 
lii^y plioi^hatsss-pofitiire i«t»i»» ?ayo©g«a appears in tto aor® ftilly 
fomei l»i% ridges, l»i»g loeatei t» th# central oells of these ridges, 
I iBtaolir«tatie polygaeehari  ^ is pws^nt in tl» fibrillar satrix of tli® 
pwlp* A aaiall m&mt of ']^xio<3i© aeii-Ssshlff rsaetiTO poljs&ccliaild# is 
also f«iil to tl» palp» ProteiB is p»s«at esp»@ially in ttoe ©pidsmit 
ai  ^h&A rid^a, aa4 aJ-so appears i» fib«rs ta %lm hmml 
fc ttadits Oft th® itfiaitif© ftather Mm app®a.red, @Ee#pt for on« 
p^lSnteary alstraet of th@ p»s«iit work (lonlag, If51). 
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pr«e®.(ter®. giwm by Mlli® aecstion® mm essrattrstained -wltli 
layer's aeld li«alw for tliw® 'aiairb®® md Its him ml&r developed la 
sottait eaiboimte, tl» l^ymmchsiMAM stainsi varying shades at or 
pirik, th® 'Sttid.tl blw, 
AeM noesspelyswcftiartie'# iwr@ fffirtlier idsatified hy their abiHty to 
stsia iaetaelma»ti0aHy *lth hm±n iyas* M tim stetioiis treated irith 
toloidin# bl«i| 'ttw## «ibs%««»s statiiei rmrimB of pisk. 
eHyoofBii ms staJjitd by ttot PIS »i»tico* Its Minfe4ficwtioii wa 
©OTfiWBSd bj &m%T9l ®®etionf with lali-w fw 30 «lnt;^s  ^
3?® Gf immiAMmlj pieeidif® tli® FAS »aetioii» £o»8 of sfeataiag inileated 
lAieli &ms imA pm'vlmMlj eoataiiMd gSyeegas. 
for % §%«%• of tl» er«mll dlst^bmtioa of pTOt®iii% tim mrm-rlQ 
chlorlit-bra^heml blmt {%-!») <€ *04% Bi*ew©r, and Alfert 
(1952) wai Stations w«r@ itaJjaei for 15 'ffllaiites Sa m ^eoliolic 
fototiott ttrea|ii®»3. blm« aad »e:ima*le ohioild®, iai«n watfetd fer 20 
ffliBwtes .ill 0»5 pereeat acstl® aoli, hf (1) develo^nt of eoler 
jjEj mter for t idlimttSji dehyirattea mA moaatiiigi or (t) ae-WMl etengss 
of terfcifiiy butfl alcoli©! matii tlMs mems d|« wi iwioired aad ti» M-ssmt 
d»hfdrat®d, fslleswd by aoimtiag* Alttea#t the first preceiare gmm th# 
best, eolor, the less of dye ms ®ca®S.d«wi5'lB# fflid tl» two methods 
atiliaed to cheek m. th« «Bc«3»t of csolor l©«s« 
fsolwis H®thods mm wsed t» m «fctwipt t© iiwsii-itrate th# pp®s«ne« 
of keratla md/or ilstjlfid® bonis. Qm mthod ©msis1»d of 
IqnteolyjBii ma4 itidai»g "with blw tstraisoliw (fteaw®, •1953)* Seetions 
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omswjATwm 
ftipilla pttlp 
At 13 of tfe® jwail# f«atl®y Ims Jmst begaa to 
f©«,: Jmdglaf frm tlit ia©y®ased <3i«i®ter ©f -ttie feathei* at its ba«, 
Imt it 4s aot mtil 2li to li8 hm^s later that tl» ilrst- bart» iddg«s appsar# 
It this stag© tl»' i«3SBftl pmplUa ^of th© »ost atmneed -wing featlier is aot 
elaarly <4®ftn©i, ®oH»ii!t4iig oiAy of a eoaieaiati® of MWRehymX oells at 
tea %»»• -at f0lliel®« 
airfsf thei-ss .©arlf »tap!% alkaliot pli0spli«t»se i» waeti-we to tlw 
oiflla aai fibers ef tt» jmip thyeu^iTOt it# liiigfefe* • The mmym i» prts®nt 
M|M®at. to the ^i^xaal tiS'Sm d&m to tht featt of thi© featl»% 2yisg 
btlw tlis lefel of til,® teaif .miy at tlie siiits# b«a«-atli liie ^ideiais-# 
la tJM' e«iiter of the f#ath®r «ylind«r| tlit ioes not •ssteM. beneath 
the iefdl of th# 1&a«©# Tim ©stir® lo*©:r liait of itii activity# tl»'r»fo»| 
t^®» Oft ttte appearanee ctf aa towrted C^ig* t)*, 1?his is ia siax  ^
mtA>Tm% "With ia%«»a»al ,graii«t ©f pli&splatait in tl» down featlier 
(fig* 1)» 
lib0mol«i@ a«i4 C^) i® ^»«iy prtseat in tl» cells • of the iesais 
at lit t« 15 days.* fli» e«lli b$8»st tte «pi<fei*i» sIkw t  ^sti-oniest 
»aetii«ajt althoa.^  #aie tlie iMommed st^lag is da© to a eoa^ntrirtrioii 
of isric-staining aaolei at this peiat# fha mmrmrle chlort^-brc^htnol 
blttt (%-lfi) stato for proteins wwals t. eondtasafcioa of l»«»y fi"l}#rs 
m& efia.ls at the pr«la«l ef th® ecsndeasM tewfl. tissm® -Aieh aaytai 
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In sicfclims for pliospfeatast, mm of tim .aotieesble £m%mmw 
t£ ttog 'pttlf at msAj all lewis of tl» is its eloit to 
•Bte fMs beeews partietilaifly -tiil&at is th® yaogeaotis 10» 
{Pig, t)« fl»» is a m&Fiem haM t£ oai ©r t»® lagwrs of eellt aM illsmm 
Ifimg agtiast tte (Spf<i®»iit -rtiiefe assi^S' tlm &^mmm of a l3ai®a»i5t 
iWiferaB®, fliii layer is of tea s»pai?^ed partially fireia tis® r '^iainf palp 
bf % mAm (£ eavitifls lyiMig la tte p#i*l^3?y of tl* pAp* flies© asg- te® 
fel©oi -glaa®®!, altii«  ^.a® lloei e®lli mm fmai ia low likely, 
tfeey &m a3?tif»ets pi^eimasd timtim by -tti® of tl» pi&p* 
fl» eoiiii« 0 t i «i |j®twi«i the mA it® aSJac^t MSt b@ v®ry 
fim in this mmf: sine® this p^ioa of ths pwlp a«iei«# t© the ©pid^wio 
pr«f®rss©@- t© tfcs® mmAMm ©f tl» pwlp. 
At the ItTOl at wlil^h tl» Imife riiget 1»giR t© t&m  ^ t!i» g»at®#t 
phof|ii«l«# is M the miAm ei th® palp-# Hthom^i ia*i 
peifipiwiml ptlp glemlf to tli® it i» net or-dtoteHy 
M.gay -sad th® foiaatim •(£ tim rMgss mms to tak« plasi witht-
out th» iattrwaMea ©f phogplatai®, Mmm tlie Iwel at vkieh tli© te®a% 
liJii# ialgtot«, ^0^l»taf« teeecws mty &&tim ia tte pilp 
\ 
mi paj|} ^ mA0nBi,mm -wMek li® fe®tW8«ii ®«li ri4g@ (Figs* 8,aai 9)* This 
bigh le^l of plio^liatss# activity ©cwHaaes la -ttit pilp iM:sKt ts the «pi-
dewii tt»fcll th« 'featlsmle 0«lls Mm ee^le-ted tteir <itfiFe»«tiatiaft, at 
lAicit tl» •Us® ®xbmmtms- ©f tl» pilp begia t# pill way irm tl» «|>id#iM.s 
aa4. shrjjit b&ek t© tha mntral pmlp ea^slty. 
libeiael«ie aeii i® pi«seHt in ifl.! &i mils ©f th# palp# «sp®®-
ially awif tto« •eelia'f (Hg» llt)» 1® th® pspilla 'fet micl®! of 
its «ell# l«®« IbasopMlie, bmt tfa®- ^^la« wtatot its toftsopMlia 
ft 
aod ewsfl inoreaw® it fli# -eell# &re olot^ly pacfetd- sad th® -c®!! 
b«jBidaa?i#s atm difflealt ar ti^ssUb,!© t© Mistify. I® tt* r®-at -gS ttos 
palps tl® awlii tft "baseptiSli© waller tlaaa those in e©lli 
©£ idle 
letaeteaatie Me©poly®ite®toM«s, wliloh in •arly ar® p3?®®«Hfe 
th.# ^Pi &m lost fro® tlii papilla 48 it ftey 
•ITO i» th« 4«»i» &£ tl» follicular mil wd pass iprewni tl» eoUar 
la a »anw bmi ©f tfe® aifi up lato tbe .puilf ef tte *!i«re 
they t|twi«d taiekiy ^ea^eat it# Utey sf® most M^y ©oiieemtrat®  ^ Jwt 
tM papilla, ©padiaaiy fadSjag ©at diitally ^tg, 1?). fli® metii-' 
eta*f»ftti© 8ab«ta«@ ii •inttTOelltaato, toting feral i» tli» gmttai siAstaa## 
mtA m flfeer®, 
Feil^e «eiii-3#ilff (»S)-retttiT« polys^sehariist ot 1  ^tyi»s mm 
ia til® pjlp* Oat typ® is fwseit in tl». grou  ^ inter-
o#llTslaf f4%er» aai possitoly t© a anall &3M1A in  ^eyteplsM of tlis 
.0®lls,:. It is fo-BiMi in the papilJjt md p*ip# lefttatog iM ttoaut in a 
pr«j3K©-^«tal ii»@ti»» M aMitlaof thi® »mm tjpB ®f polya«fteelari(a» 
is p»s«t in gm&t <p-imlitie.® in tfit dsnri-s -of ttae follicttlap tliiwi  ^
out its length# tJte i«*eti«B is s^riMMg hemmm its iat»iisity 
aM ti» facst tlat it ii eQ«f4»®4 t© «. mmrm hmi &f the- itmis Ifiiig 
a |^afi!®»t to %b« folli«lar epi4®iwia Cfi,g». 18 aoid 
!&i aidtttioii to tMa 'aadABiitlfit  ^ pQljaamhAwMm  ^ glyeofsu als-o appear# 
ixk tl» •polf# At atoettt 15 to 16 a im gmaal®-® prestot ia tJi« 
di«ia of tbe ftatlJ®? Jast -atom the ltf»l of ©olltr. fim»* ff-mmlm 
ase!«alat» «l«rly «t Urst CHg# 10)* ®ft«r ths ppilla has hmc&m 
t3 
.at 19 days, the j iiie»ai«. i«piffiLy Jtist aboro It tmtll ttey 
0aa !» ffiwisa In lai  ^mABTS tFlg, 11)» fsi^f p^atly ia sisi®, they 
&m Intraesllmltr ia iw lastme®®, tat Sa &mm art f®imd a®«©» 
eiatei with tim flbtw at tM.s lawl* Mtar 
salim QT »«li tiwy ©oiplsisely# 
fie In %1m ii0trlfewti« prffbelns as ye-roaled by tli# Hg^W 
teat «:» eeofiaei ^oit «Eelttiiwly to p&pillii, la il» first fear 
iays «f of tto f«tlwri teavily-stalniag i&mm mm fisibl® 
ta ttie feai« ^of %im -ptpllls C?if» QrMwi^y, at the mi. of tliis peiAod, 
tl»f# ffbtsr® he^oem Matrmt tlromgtoat tip ^pilla, (srteaftiag ivm ttm 
hsm iistally (fig. H).. M to mm tmrnrn, mm «f tb® 
ptfiHa iOLTO sttia ii#p3y# fto iMalnte ef tlis pul|j do®# aot Bhm 
ccn«it3»t»i pi^teto iwaotlm# 'fh® iisalfide tests fail to shor any 
^f««»ti»l loealiiafciaRS &t distilfi#! greaps ta th® pilii-,.. 
fl» papills mmiM0 eoasl«t®iifcly nepitiTe to tli» test for lipid® 
blaring tl» e«irs@ ^tia,#pos»t, la tl» palp lts«-lf, fm e®lls stain 
la ©arly ttag^f .| feat t»#g3jri»iag at «fe«at If days a, m t^mr of cell® bfifgia to 
fill wtth lopfi 21pii»®«fttaSMiig giwwil«a# fh»m oslls «» diftrityat®  ^
f&irly t^wialy tlnw^oat lii® m^r It^tlt |«ip# to«t 4ecr«a«« la 
tiswtris its bat#.# f!i« imelsm® if ea^lt^ly w^tif®, bmt tto 
plaiffi it fill®i idth grai«il«« rf rmfimg aoft of tlwa qoite l»®i, 
Tlifi @®lXs io not i».s«^l® the ex^jisay «ll0,' ifeieh mce &lm§sttM cap 
:stellat«! iiith HSMeKms eyt@gla.«st0 proetsMs. lm%mAg the lipii«©<»taiaiiig 
e«lls mt» m&m or 2«bs «rad aM tiwe m 'ptmm9m0» fbay bmm -tti# f©i3«»l 
i^^L'itircLjt*L T^iM aifti '111 fc itfa Jiii jMb^  ^ M 
2lt 
spldtarils 
fl» of the ©pi^aia eta l»st b@ &»erf.b#d % ooasld©:|lig 
its parts s®p«rat#'ly. «1 p®iMps most li^rtayiit- -mm the collai? 
»fi©a aad ra«®g«Boa® sois©,, fraa whteli tfee e«ll® of paj  ^ txt 
tftie ftathsr  ^ viit» %im »!»«&, ba^Si b«%ales, «id rteMs, at*® 
fim sheatli Trt.ll T» e©Mi#i3?@d aloi  ^wtth to collmr aai. rawj^acsis %ma$ 
th« otl*r stHictewi de:alt with later mwtlmm. 
Collar miA m&m 
fstil about 1? dapi' tM sellar i® a siweifi© r®.gl©a sf 
•Hi.® f««tli@r 1» mme «ly* It issfer® ts Wm poiat at iwlsleh thi Inwglnattd 
©^oi&l la-^ner of tl» epi&mla nakisg wp to wall of t  ^foXliele twrm 
1sa#t t^oa Itwlf and te®e<a©® aoiift«d to tti® wall of th© f«ath#r. 
tte» two e»ll wOl® ariM the thtatli etlls of both th® f ollioM 
aai tM feather#- teing tl» first  ^i«y ©.r two  ^ ®f drrolopaeiit, the layer of 
rti©ath ®ell® has not f®t split, bttt tmrns a ®olid ®h©®t of c«lls s®paratiag 
tim imrnr omtar la^iers of th« «piiif5ii.s C®®i Wg# 2)# flii cellar' 
wgloR ha# h#gBB to tttf« ohll^tlf to foia « ®oast«i:oti«i ia ths 
^jpilla at Ife®- hat# of th« feather# thit p«iee»s coatiaa## tetog dlevelt  ^
mtA> mA is a®«atuated th® g»at iac»aae la width 'Of ths eollar 
hgi, 1| «m 16)# 
At this early peiriLod in tM dswlofwost -ef tiKf f®ath«r (lit to 16 Mw9)$ 
Mitoelwiiisal iiffewatlatloa of th« «pld8X^s has not p:rs»@«  ^f»* 
HksllM ^osiitotas® ii i»aetiTe in tta attelti of th® cells ssf the 
foliiMlAr w^l ted f«ath®r, h«t not tl» sheath @«11# (Fig* 3). Ibov© th® 
eollar in th» feather, tl» iiwl«i mm all^tly »i«tiw ia the eyltndriaai 
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•with •jpibojwtelftas®. 
Ixfcemal to these ioner sli®ath ©ells, th® bodies of th® peripteral 
sbeath oella Ijegia to flatten out, fhe «ttol«i appear aaeh th® ssmj how-' 
ever, tli® basophilie t|to|>la«i ao leaf®!* fills the etllt, hnt is edafiwi 
to ti» perlpi^ry. Ps»e#«ditti distaHy, %lm etll# btceo# progr®ssiTely aof® 
flatt«ne4| aai btgia to lose th«ii» feascfMlia, until ©nly t!» e©ll walln glm 
m stain with telaiiMa® blu®... fligfse wallt b«eoMe e<»p»S8®d to torn, th® 
t<m# ih«ath vM.&h emmpmms tl« feather. 
The loeallMtl«  ^p»tei» rt»8itt corresp«ds closely' to that of 
the Ellj hmmv&Tp t!» two io not mtm&l tls® smm sttbstai«#, sine© after 
treateeat *itli rlbc«ttcl©a««>. oily th® p«it«iii staia is wftaiwi. la th» 
sl»ath ealltj the protein is mt l©st a® the- ^lls flatt»a owt, as is tli« 
oaiiB "rt-tto lil. Imi^aAp the flatteaed cell walls stain heavily (Pig, 21),. 
iadieating ttoe pmmtmw large mmm%8. e£ -prottin. 
Tim bltte t0tfasioli» "test inil©at«s a large mai»r of di-gulfii# 
liBk«iiis 1» the mA follicalar 0«lls» Tl»y stain starting 
$mt itbot# tlto oollar, aad ©eatltttt® to react M aor© distal areas of 
tfee a« collar and inner layer? %%9 trnther do aot stain, txospt 
t&t ii»ir Bttclaeli. the imelaoMr f«»®ti€ai is partiealarlj inteas® in tliB 
sheath eells withia tl» eellar itself. 
As has b@«a aenti-cffi«ti prtilottsl^i, ?lS-r»active polysaeeliari<les art 
Eot f»s«nt ia "tttt ^iitiml ce'Hi at mj tiw!«- Icwwtr, tls® linitJtog 
iwrfsran# of th® tells sf tli® strattm 0yHn&ie»,. whieh i«pamt@t the pulp 
and ©pidtemis, state# Teiy iateas®lf with the BIS i^aetioa ia tl  ^cellar 
a®d raadg@aott« zom (mm Wg-* 2k}* Mm% ttotie®«l»l® is tie «xt,i«»® irr®pi-
larity of this a«tora» m& ©f th» Imtemsl bonadartea «f tfcto» etlls 
MJaoest t© tli® palp* On the pilp side, tli« a«%-raa® aijp#ars sharply 
m 
bat m side lyl»g ag^st the ©iJiderfflii t% extends for •?ariabl« 
^ataacei 'betweea ih® cells, Hjoto the collar, tlie sMriarao® tends to flatttn 
oat, bwt i® itill "rorj proaiatafc# At tl« l«Til -csf th® raMpsaottS %mm It 
grew tMa at -toe immr sii# of tl» ildge, 'but tMei:tns gwatlj m it 
I>asse# wt'tti til® ©yltoiilsal ©«11» l»tp®«s ikm tMgm; this eotiM be «3e-
paMiitd. If ths iweliasii»l stx^te:Miig &t ttoe cyltofiiieal calls aroimd tfc® 
ridges ani theix mafmselon b«twe®a tt»se sridget. The flual fate of 
imAvsam wlH be disemswd in tfce amti&m dialtog *ltli th® hmth 
italMlng cf fwi«i 8«©tl«s *ttli ittdaa Blasfe iw®al®d tl»t m Hpl  ^
sm pmwmt Sa tfe® dmrlag' th® -earllftst ftages ftatter -p-owtM# 
At til® eoHar Im&mm thi^«a«i Into itf Sefinittw i&m at aboit 18 «laySt 
fin© lipM gr-aml®# •s^m' 1» the ojb<^las» dt tlM iisn©r aaad oater lay®a?s 
of e®ll8, Mt not to mg- d®g»@ in lii® shsatli e«ll8# T^m are 
not e^ir®lj wgalar ia »tw ©r p®«iti0».| feBt are all qml-te «all aad tend 
to he iitwtei m*m&€ tlit »elew* flmm gpamle# iisifi^ar ia ti» mi-©-
geaws zob®.. 
bwl? yitos 
f hi »wl|- hm  ^ 'riti  ^emsilst# of a pe»i»«Qla  ^q®11s ff m tli« 
itmtaa int@»eiim inteimily m sMma  ^tli® stfatw 
gyf i.w^y4 #m»j, in ttlf  ^ii- bl5®id®d by thfi HwitiMg ptmbyayii ,^ 'pwlp* 
fferipberally, tlii- slmatli e«lli &14alt t!» At aboat 1$ da^s tii» 
©®lls -of tl» iNiA rtiges a »thj@r mifofm api '^araae*! they eoistaia 
'llttl® pli©siii«t«s«|. bwt larga' m&m^n of ©ftopl«wic fh® PISp.reactiw 
lisdttng aMufcraas is thlB at th# ti®#r ©ai <€ tb» riig®., Mt tMck#r ana 
stflkiigly mm%im at it® si&®» fl*e »a0tifity ef tMs- »wbi»»« h«f 
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tht aligrroat of tfe® ctlls of the iridge® lias b^gtm by 16 days# 
At tl3  ^ am» M»®, %h&m ia a loss «f cytoplasaie basopMli* fwm all of lii® 
e®lls «c©pt the- baifettl# plat® e#lls of th© iatei»ediiim-. Iei thea® Milml® 
etlla, liifferentiatloa bee*® appammt alaost imediately* QLycogea 
&pp0ar@ in lOma at abeat 17 days. It wls®s in tte fo» of mrf flm 
gmmilm iistrlbwbed throrngfaomt the eytoplas* of Idi® c»ll-. It appeari 
first iii the ba^ittel® q®11s to tl» stoath, sad later extends to thu® 
mora etntrally lo©at«i cells • Mmm&Wi it Ams not raaefe tb® c®lls of the 
baif% at©a 'trntil »«0h later. As th® barfsule ©®lls ©Itmpait®, mor« glyeopni 
»c«»ilatts {Fif, 18) tmtil th® eslls eoBtalH lai-ii «oiant8 of it* Ti» 
ir«jal«s also t®»d to be<»a® soaewtiafc eoarsei*, Athe®  ^ this i® possibly 
m fixatim artifact* 
IDttiliig tl» later at&gsa of bartmle foiE»ati«, as TOr«ifieati<m sets 
Sn  ^ tte ^yoogsn iiiappiars. Sisee tM-s proeess begins is the peilpheral 
cells, th© #yeog®ft is Is-st 1»» first,. aMi M,a&ppB&m later £rm the mom 
eentrally located bai^l© eells# 
As the la®t of the gaye-egea is -tisappeariBf froa tl» bai^nl® esellsj  ^
as seo®salati«B of glycogen feegia® ia th« aedallary c#lls <af  ^barb stitt. 
ISiese e®lla hairo be,gaa to aalargs at thi® ti»e, th® i«©r®as@' -oi glyeo-
g^n is rapid watil ti« a«lls are filled ^ th eeaiti® grawil©® (Pig, lf)» 
fh© glye-opa if lost slowly frm the cells as their corriLfieation he-eoma 
e€ttpl®t©» 
Shortly after glyeo^a begins t© ineteas# la th® bai%^e cells, WA 
also itarts to aeevaiulat©. fnlik-# glyeogea, it is ntyti a nm oonstittieist-
of the 0®11, having b®®tt prtsemt ®ir@a btfor® th® fomatiaa of tl» hmA 
ridges, but as the bsitrel® cells increase te sige, tl» 0ytopla« b®©oi»s 
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mS. omt iiA© tl» mmmhjm  ^ in #®iaisfeliig p^iifiofe faiMoB* 
as mmM hsi t^etei 4a m mhrymle fi«M# ^ymmvp m tim folliele 
foats, setivlty feeeaws lijiited t© th« deals ©f %h® f©athar, 
•with litti# aeti'vity ija tl» eomaietiiw tiasu® l»le« it (ef • fig  ^ t). 
teiag the of %im f«aths% ttts pkospliatase-tr®« ax&& 
leetrests still mpi»wi frm its hmmg laifeil tfe@ ©atir® pspilla i#. 
f»©- «af lA'O^tetase* fit# »si the pilf rmaiMS Mgttly actiw &mr amm 
peilod of tiw» 
Follewtai %!»• mm p&ttmm m tMs pMft ia phosptota®® ii tl® pre-
p'tflsit® l©»s M »eii m«©©p©lfaaeelii«rt.dt i^m «i@ paj^ll* ®mmp% for a 
mmrm p^riphsml »fi«» 'la ^»Fal,. aei€ asieopelpweetoftiii® ia ©oaofftt*-
teat#4 tt Wm temX &% phosphatM® ^gi»«, M tMeM cnol, distally 
T«fefeer lioswvtrg in eortfwt to itoiefa mmlm actlTe 
tli»«.^ oat Itilgth of th» foip# fhi» is eaffl^aarabl# t© %hm ©.©®Siti©ii in 
Wm dom ftmtlierg ia wtt-eto tl® letaliiatiott M Vkm mM wei^ljs®dehits4ii 
«Oli© ^©a@ly ©0fTO-^«ii# %6 the sites ef ^la^tie aetiTity at tfe« bas® of 
tm%lmT» M dt gifee-pii als© ©eetara jttst itoeve tine papSJlat# 
fliis it « mm of the <&mis| i% is »©% pj?e»©at ia tht Amn 
WitMa tl® papill% th«» is & gi^at iaswas® of p»teia ia the fite«r» 
aad e@ll8,- fhit is f©»ato«a«»»d ia tl  ^ iswi f«attor teiag its later-
(dftTOlcpwat fei' ft di8ti»et iM»-ai« i» pro-t@4m is th® dtmi« at its bus©» 
PM»i*«etiv# polysikQclmriitt %im p»s«-at ia tl» dteaal p|>illa t® & gr@at#r 
«£t®i  ^ tliiB ia tfoiRa bitt "toy «a  ^ also •pmmn% ia MaH qwiti-
ti«t im •^© dews f«atl»3r» 
Th© sMsMr of' f0M«fc-iraa tl» fesurt? iMg»s is alttjwd frm that tmm& 
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fltli relatienslilps In M»wi, it is nm pesstble t© tmra %Km 
p '^ofclM of tim sigBifieme® of thmwm rm-lms ^mspmrnv^n md i^latien-
thip to oa« itaotter and t© lii® of tte • ftailwr# 
Al:'kali«A phesphatase it a e&m&a, eomtit^M^Eife df ®sm  ^ tigsttftst It is 
p»s®»t .^ for in larg® ia eartilagi at tl» tla« of ealei-
fiieati»B ^00g» %9h6)$. ia tfat p*«cia«Ci ti&®i«s «f tli® kit&if, the toxmsii 
borfi'r «f tl» intttitiM) (toii#«ti, i» hs^ia-Sjig ©piitiml wotmtii 
(ffH CaadLi'JJA, aai In meh <i^i7oaie stimetai^g m 
tliB papUla &£ thi liadbr (&a»s, 19i43| J^taifontli« 
fe&thsr Ct«>tei'on l«eams« of it^^wide iistriteti  ^
it if iseasanaljl# to mmpm% %im of m®f« thma ©at 'toipitf -loii 
there i® s«w ©"fldtiie© ^t tlA» is t  ^Oiis® (.tewia, F®igl», Wolf, aisi 
lifeat, lf50)« ?1» theories 0^c«emiag %h» fasetios «f tl» ham hmm 
iisemsMi ia « prmtlmm ®t«dy (loaiBgii 19^3)# ifflfi ©nly @«® of th« ptrtiwjsfe 
pjpi^ .fitiefis *111 h® hsm» 
Qm «igi®:tt4« hat l3««a »adi ti»t alM-iii® piio^liiitM# aets ai a 
pliosplMjiylatii  ^ ia glyeopsBBrt,® C*iil€Wki «ai %9k$$ ^ohmom 
md I9ki)* fhm mMym it «>f1».ii rolatei to glyeopta deposition, 
m in the l5«o©» ttai tpideaiis eff pig «teyyoss bmt tli@ inability 
to ©ojweMtt aajor sit®®  ^pli#s|&a.ta#i activity to glysofBiMii# Ma# 
aiad© this t&®«a7 st»w«ftat oatftartsl# for gtaer'al afplieatioa, 
Ili©ifbataj». my 1j® Jtowlwd to tli® foiaatios of atraetural prottiBS* 
fell aad &t»ielli. 0Bk3) propmmS. this theory m «i« batii «f .st«di«s 
irtiish »hm@& a Isarp mmeA  ^phoiiiiatas# oa •Mm eollagen of istaliag 
epiMmliM.^  wotoAs is tbe m%» fhi® las feeen si3^«t®<i lay other stuidies on 
OMih di'Wjf^ Ht afte®ttir®a m tfet 'lAtrttS (A^ inson arad HftffliUjf 19%? f 
ST 
Sing# I?50)f "whsm tstrogeie prodact4 m iae«f«s@ to pibosphatas® In th© 
spithelial and on the silk aai saliwi  ^gland® of inserts (BpadftaM, 
IfSlbs 1932)0 •mhl&h e@»tain phospl»t*i® i» tttetr epittelim iuilE® 
aotiwely ftcretiag staps# IraiflsM ftirttor saggeste  ^ teatatiwly tli«t 
phosphatas® mi#it llb«mt® the proteins ffca a i«*©l®ic aeid ©ei^l®x after 
tli®ir feaatisa* 
Cto -Mj® otter Jteni, lobfittioa, Danilm®, «Mi Hoidkaff (1^0) fewii 
that fibreus tlssa# ®«mM be ftrwd wittieat phosphatase in sm® iiwtaiioes. 
OoM mA Cfeali (19^1) repoitei that tij« pirtasiMse <sf phesphatai© on 
mlMg&mMw fifeew my m«>t be ita® to .s«stiTity ©f' «i» ©nsja® at that site, 
bttt to adioxftton of tl# B@.»i aii<J leiry {lf52)> is itmdji»f th® 
piiosphatai# aeti*«ltf the ^nital tra®t cf «1# rats mid«r fsilcw 
eoniitiGos, ©.melttitd that tliew was# m eonststtat eorrtlation betweea 
pliofl^tase and .syittil»#i» of fibr«is proteins. For these reastms, the 
eom»'Stion betwies pfe©spliatai# a»i syat^sis protein i® acaethat t®nta-
tiw, 
loog (I9IA.) fmmA m iwg^stiTO parallel Tsitweaa tls® premmm (£ 
phftsphatai# and etom«iiff©r@ntiatiitt«, fte©-8pMtats« acttvlty sewed to be 
related tt & Mgh e<me«atratie® «£ imel®i« aciis (Maog# 19lt6)., JolmsoB 
mA itertlawitr fewad that tte looftli-satiea oC phosphatai© la, th® <l8fiil©pi«g 
}moi of th« pig il9k'W)$ s»d im ttos deftleping f®ath®r iugg®@ted a 
elwauiifftreatiatiii  ^fttacftion £m phm .^tnm* fhia was also tin® of th® 
fiiMJiags of loMiiig and I®»ilt«3as Cl9S^) o» the dcnm f«ath«r» 
Ba«i»lli Cl^Slf 19$3) st3f .^it#€ that tMs eaipw mts m a photpho-
kinas# ia .la this phosphatas# wc«M break hi^-«©®rgy 
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pho'spMte bondi to MOi®' th® ©ontraetloa 'Of protatos isitliin tto® otll 
tIms brta^g a •wrtttf ef molesalw iobstanets teto th@ e@ll* 
2  ^ the develofteg dmn f»ath®r» tlie early appaaimee of lar  ^
®»«ats oi d«iaal plio-sphata«i in aiii be^lwr th® featter tuig^sted tliat 
pbos^tag® ffliglit teet « laimetiY© fmctioft la the taply stag®® df «i«velop-. 
ffl®at aad iiff«r©atiati« trf' tl» f®ath«r* la tbe JweisdPL® feather, pho«-
phatai# i® 6onapi0tto«sly afeseist trm tfc» dt»al pa-pilla af'ttr it is fally 
foi»Bd, flm lo®^i0«tl©a of ]^oii|5hatas« in early itiig®® of th® f©aati®ii 
of th« f#atli«f ffit^t iMl&sAm a »laticjsstedlp t® th® initial iaiaettoii aat 
orgaoisatim sf tl» tldf weiid "bm «ifeirfc«atiat«d if th® early 
of ttot® mgrnamtiMg tmther mm fom# to «so».tain pfeo^!«t«ii!.» 
frm fuet. that ptes^hatiw® is a©t pswsent ia Iti® {S®x«al impilla 
 ^tfe® JwniJLe f»atli@r <la:sl3ig tie tM© that it it fotmteg piilp tells# it 
em M iitf#w«d that tbe ®a^t is- aot p^toarily eaae®»ei *witli c#lltilsr 
•aaltiplieation. In tl» :^lp emlmtm of thi  ^ pa^^llft, th® ew«n-
twttiofl ©f phefphatat© mj play m part la t!»' basic fuuetioiiiiag 
th® palp# -Bhiefci# ii.ec®3paiag to Mill® flfltO), iiisl«<i«i sapplytef ntitrieaiti 
to th® • @pid@3E»l eyli»d«r aid ®app©fting tl» tis«®s of tl® epl<feiffiis pilor 
to eomiac«ti©»# 
fbBte «p@ s«*TO»l possibl# ways ia whiah phoBpMt&m aight b« involir«d 
It wl^t m% »o3toly as a tmm-
port a®©Jiaiiiira| pertops its action as a plio^oki»s« sapplies tfe@ energy 
for sttsh a tmispoi^*, In aiditi®a, it ai^t »et as a s®l«cti"r® 
syit@»j b0th Sj' t!» pilp mA bas^at am&ran®' of tte« a^deimifi, pref®*s-
©atially twai^jortliii <»% labstawa® (#®« balew). Ifeespliatas© 
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that ptes]^hitass has a m fttgpited by ioog Th» 
initial pmsenm phospbatai® in th® d<wii. featb®!" and its ocenrreace in 
th© ©pii®»is of thf eollar- aiM i€«» ©f tht fowag 
f#atfeir wQttld 'fe® ©'eameoted with t!» of th©s© tlsstt«a» 
lft«y diff«MBtiati«R had fmmrmAf tlii piiospljatait that was still fotiad 
ia th» pwlp wenM sere® ia th® f»etioiial activity ©f •tti® ptlp# 1ji tli« 
latter ©us® phes^tsse woald tolp t« trsMport aattilali fro® ttie palp 
to tl» «pid«mis» fliis pssslMHty is ta^orted hj th# faet that at Ito® 
lewl at irtiieh fldfus a» mder^lag »pii diff@»ntiatio% |>hosphatai»-
actif® pilp is elosely applied to tl» ijwier edge® of the baieti ridps, aM 
tl» toasml »«rt>raiM ^strntea eyliadriem wfl®'®! msm of tMs aetii'ity* 
fhii w©ali b« ti|»oted if its elii«f -mm te pas® Tm aiteilal® 
aeress tite mmhma&<$ t© ttt© e®lli ©f thi ©pidB-iads#. 
If ai  ^e^paitsMus eaa be dwwn b®ti»®ii th® phoiphatas® of feather® 
md ttet of hMl¥$ it w®mM ««« th«t th® ii&a «€ «t tisnsportiag foncMoa 
ccwiM «ee«»irti for »oit af tl» «ti*fity in tht hair* io pulp is foi»sd, 
liat th® i^pillm i» ^os^at»»«-r»aetif» d«ilag tl» «atii« period <»f gra  ^
of Iti# Imir, It Twmld ^^fidi. a aiiwi® ©f rapid ti«»i«sioa aM sodifi-
eatioa aatftrial® im thm eoastiuetioa ©f the teif shitft*. 
fwwr fmotiias h&m tee«n aitrltad to rifecfimeleie acid ni^hio e«ll® 
than to ftoephatas®, ClMid® {l^i»8. Iff©) prcpostd that IIA is etwieeted 
•is mm mj irilto tl» ability of a ©s'H to oarry m glgreoJysis, 
bmt this idea hm »e«iwd Mttl® JmimrnE arad Eo»irfjl»l (1952), 
m th® ba»i» of «xpei4iMrt« irtth lAMia egp  ^ postulated that the initial 
step ia the t«wsfer of aateA^  trm the «^Kt«itial allieu to th® iaterfor 
 ^e®ll Involves %hs fomati® of a ec®pl« between tli®' ®xt®«ial. 
iiat«rial and tl» MM. at th# ©gllalar tarfa©®# Hiil# tMs tl3®©ry womli 
spplf satisfaotOTlly t© the Wk to th# cyUHdrieal sells afeattlng the ptilp, 
nMch »i^t act m mi tee©pt©r f©r sabatsMes passing into 'IJw ©piianaal 
«11® ixm the. pilpjf it <!«»» not explain clmrlj th® hifjb oonoentmtiom of 
MA in the barbttle ©tils, 'ft# l$©aflliii.tl« of WA ia all th® calls 'is 
pwrtoapt l3«irfe #:splain«# by Urn timers "Aieb eaineets WI with th® sprthesi# 
oi ppo^iM Cea»p@»im, lfl7| Iraehftt, 19i<?)» Hth©®  ^its wchanim of 
aetim is not kmrnUf Bra©h®t aag^sted t-iat MA sight function as a p3*otet» 
p»€ipitaafc, faeilitati»g farther s^hesii. 
a© asoimt of MJl i» tl» oollar eells is mA that it iadicat#s a 
hi  ^activity of th« ©ells, la inner aon@t .Ml ia p3f<A>«bly ©oneeaed 
wetoly "tith th« incm-Mm in eytopltm, leeaas©' th« sells her® are laedei*-' 
going rapid oitoai®# Ihe Wft of th® sheath md MAttle eells eaamot he 
so iavolvei,. «4B«e thes© o®lls are m lon^r diviiiag. In th®s« r®gi<ms 
MA it pr«^ably eoneemed with th« proittetioa of keratin or its preenrsow, 
as iniieittei ¥j tht  ^ gr®.at increas® la proteins in these r®gioas C»® b®lc«r)» 
Tlii woA of Qtr«ii aM &tilli«rd (1930) on the of keratisiaatioa 
la the feather io substantiated by pmm&% itwHe®, In th® shtath aai 
felliel®, protein appears inst sbove the collar, but th® first signs of 
k©»ti!iis»ti.on to th® hurt) rlig#» ooemr in the fo»atioii of th® harbti3©% 
md tten ia ti» baA ^mm Both of thes® occur at a higher Isvel ia th© 
feather* 
In eonaeoti®  ^*ith the fomatiom of frot®in, it caa h® s®©a that in 
eaeh eat® Mk pwetd®# rapid k«ratiH4®ati«>n, WA appears in. the sheath 
c@lls ia tlM collari prot«tn begiiis t© aecswalat® Just .above th® collar.. 
In the baife ridp»> MJk pwetiet tl» k@»tliii5sati« th® baAtae ceHa 
by a siiort %im^, fteis it that lift. «st fee p»s«»t witliia th® ©#11 
at tim rf lk«i®tinisati©a« lieth®r 111 setaaHy forM tli® proteto, ©r 
'^ et^r its p»s«»# is ip©?p.ii*<l at th® t4a» of Iceratteiwticti t© enablfi' 
tb® aoltcttl# t© attata its fiofi »l«pf after it 1*« |je®n foiMd 
ean»t b# itciiei m tte ba«i# &£ tb@ pyei»nb woi^* 
fit® of •ttw naolems »fl®eta ®«e of th® eliaas,^® •whleh tsJc« 
plMm <SttilBg tejrotiaiMtim. M tl» o#ll® of th# teteiMiitM, th« leaclti 
«» bafifMli©# «ltii iwall amcflLteli# At tl» feaAtil® cells start to 
<liffttTOiitistef tl« amalems !©»«« iti teiophlMm, eM.®fly due- to a lets of 
ffc® Ha©l#0lm% m ths other lisasi, larf® htandly ohai-gsd 
ifith Ml-, fhif i« afe©0Bi«si®i by a laiM-mp ©f MI in tli® eytoplaai auai «, 
]pa»13j»l tiw ia tli« ©wea-tontlou «if pwtttas, fswitwls th© eni &i tejfati-
n±Mt4«, tfc» awolfms "be^aoss iaiiitlagaisWjl® 'wt-tein th® eornifiei etll. 
f lifi-' «les® ©er».ipei^B» ©f «»ta©lir«s»ati® mM «eop©lysa«-cteicii aM 
AkaliM! phesfsliataw ia tte® imm mM Smmtdle featbsrs «pp®ar« to h& 
M©» than eoiii©ii®«teal, flit sibstame is m«»lly & gttlfat«-.ec»tain'ii«' 
rae©po3y®®0oliail^, tlos@ly »lat®<l or ii«tie«i to s^stim«s M thm d®x»is 
cf Wm skS» •Aieh ^rewid® «ppoit, the Mee^elywwchailde' aol®«al® my ha 
ttn«stnra31y »»»ociatedl -witli tfeat tb« phoapbatas®, ©r it aay hxm & 
atttiltl-TO fmctiGn (IfflttiBg, 195©) .al«g with th® ®asp»., SSMlar infereRees 
laso afjply t« tli® pipsllla rf tl» ff'ming iair, Althm# tl» papilla r«aliii 
ffli^ aai »#<ls littl« ®^;oi?t| tt® amtfltioBal »^irei»ats of th® e^* 
iswfi liair wty toi »et ia |«rt ttew^ tfc» aetitlty «f «i@ iam©©pe1ysa®cliaril«te. 
li©og and "Wernm^ iW$t) .ass©©iat®€ a B®3*»a<stiw poly»iyeoljarld« *ith 
ait«s of pteosflifttaae aotiirity in « s«rt®s ©f ©rgatts i»©lwilBg the featli«r. 
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at this liTOl* fh®' whmm ia. th« fsaeti^ty of tlili at hlgter 
liBwsls lioaM tl»a »fl®et * eer-pt^ipeaaiog &hmm i» pesaeability t© 
sttfestam«i« 
Qlym^n acefflwlat#a In %lm towfe rMfet dariiig %h% early period of 
their diff«'imtisti<«.. It teais deposited in «ti¥e »glms tlmt 
havi c«3y a ISaitti blood supply (ffisleekl mA l^i^sey, 19lt5| Brsifi©!?!# 
195li.)i and is ttilisiid iab®»fQeatly to miatrobie «©taboli8SS* this nwM 
«ipl«iB- th® tafliest dtepositioa of flywgsa a,t the out®!' Mps of tli© baAr 
rMie% itfeisli &m f»rthi#Bt trm the niAiiiwb wpply i» th® pilp* mA its 
later sp»M tcwarifl the imer ©iget, 
¥vm "to» px«fe»©® of glyc«^R te ttis lai% rMges ffid Mir, it si^t 
ap^ar that glyeogsa is mmsmatf for %hs pmmss of ktratiBisatim# .3^ 
thii is i% tlism it# to tiis 8l»a^ is stawBtiat dlffiealt to 
Chat®, lobit® flfSt) ittg^tt that fly©o@iB is i®pesit»d at 
sit®s tlffl dflMaiag of fci»tiM.B®d jmttrial bas retailed jiomal 
mte of k@3»tiaitatiai« If trm, tli ^My in te'ratSsisatim, of tii® 
baAnle ©ells wl^ % aeeoant for tlitir aeo«lati«ft of glyeofta. This womM 
also to# th© ©as# in tl» atAillajj cells of the fcatb 8t«,. fh® fl:fe<3g®» 
•wcriM tlsBii ise mtiliMd *l»a k«»tSiiiMti«i! of tl» eells ftemlly p2»e«®d»» 
^.-sombly, aucli a 'bloefc 4» keT&MMM&tim does act oemp i» th® ateatk 
eellt, iiaM glyrngm ctess »^©t mmnmLkM^ in ttea®. 
With iwgaM to tb# p»s#w« of glyeofsii aai its wlatim t® keratiai-' 
gatim, it i® ©f int«f«flt t© aote %lm tis® mm^eme of glyeogps dtpesitioa 
ia 1«a% i4i^s.» . Ste@# it afs^awt first .la tlw barbal© c«lls, .aai 
iisapptaw f«wi thm b@fo» it is fmM i» tl»' ffleiwllaxy e#llS| it -wmiM 
m 
mm that' th# £mmit «r« ktratiaiaed b®fo» tlie latter*, fasptlier,, glycepa 
app®ws ia the aedttllaiy «ll8. of tl» rl»eM® after it it first iamA in 
tte feai% ®t« to ^«t the rtia^i® mmM apptar to b® k®rabtoia«i 
last*- fh® pr«8«iie» ©f glfeefea ia these e®ll® • f»' iwm period 
ef tiwi 0igp8t'S a itlay is the k««tiiiisttioii, ef th«9S ftmictttre®,- wMeh 
agnfti irell wltli thtir lower 0«t®at «f IM. and prottia at tts ^ws ^ 
b®rt«i® e«lls &m 
fl» glyeo^ii Ja tINi pttlp Jiist abow tb© papilla t®«® ^radoxteal la 
TiOT «f tti# faet that th# pilp i» .«pp©st€ly •w^ll applied -^.th l5l«»d 
It *ait b« hmm-mr, that Jmtt afeow' tlto papilla, th® 
aat®rial aystffli i» p&mlj Clilli«, IfltOl, siae® pilp is nsmtiau-
ally h^tsg fmmi. 3a 'tils regioi, sM tlto bleed. v#sgels stt^. their falljr 
(iiffe»»tiat@4 fdm oaly at m&m iistsd Iswls. fM,»» ®<abiMd 'With the 
rapii iiff«y©i^iatios ef t^ |slp e«.lls |m«t af'ter ^Hisy Imm th# m^m 
of papilla, toting® aboat tl» wms fl«iiiti«s »ot®# preirioasly as pre-
w^isit® for g3yc©^» ii>p©id.M«f. Jl*»f aeti-ro <»11® in ft Ttgi» that i® 
relatively peorly aoiristotd# 
ftm pwstii®® ^ itta«BopM.lic iswral«s im tte etlls tjf the collar iaii-
«tei 1^8 pmwmm of lipids ©r ph©spiiolipii.8# Wrm^ tte natar® of th® 
.grtaale# »d their p©titi« aromd t!to imel®as, it is possibl® that th^ 
»l?r@'wat tli® %lgi «i>itaiiee« If this is the eas#, ttos® ©tils in the 
o«llar wast h& phyiiologio^ly •«liff«.»»t fwm ©titer cel3.i of th« 
epi^mli# la the palp, tl» lij^d^oataijiittg oills ®r® mostly aaerophagis,. 
«eh m tmad hj Wislo^i ai^ D«ifs©y (ifiti) la Mi®' o©ia»atiw tis«e 
»t®. 
it6 
s^am &m ooiciijsio® 
1, fto d0Wl©piag Jttwail# feather' ®f tb® Ihlte le^iorB eblek ©nbryo 
wm 'Steditd hy liist®eh®«ieal proe«te«s la arte to tieatify tlie positioas 
saw of it® »o» Sj^artaat eoastitiiints frm tli® ti» of its or^uoi-
mtioB at 13 mtil tli® swon# day after hateMug, at -shi®!! tim tlwi 
rhansMs ma iwll f oiaed and %im distal eptierml cmp&mtA,s tiai attaint^ 
thsir fteal .differentiatsi state • Tlw siffdJti&mm of th®« sRibstaaees ma 
iiSOTi#s®d i»itli to t&eiy l«ealt»ti«ffl la tl® dewB feather and M.r. 
t» Alkaill»® phespbatat® beeaae pro-grtisively liii.t«d to M#»r l®t«ls of 
tl» f«ath®r, la -yi© io*a f«atl»r it appe«»d ta and below the pmlp ia ft 
p«tt«» t^io&l of a gTsMm% fi®M. Is tl» Juvenile feather 
th®3» ws a prop^ssive loss of tbe en^ajae frai thm bas« dt thm feather 
«monr»»t ifith the of' the papiHa. At the tiM Idiig 
straetm» wm clmvly d®fiiiedj phsspliatate wa# ecuisfiomeiajy abstnt. frm 
it, %1^«1. pho^i»t«®« mm pt^sent ia the naelsi of th© collar in aarlj" 
stages #f its dtwlopwat smA. ta tt» raaogsaotis m«i« oa th© veotral sidt «f 
t^ feather. Ia the hm^ xl^a, phosphatas® wm p»8#nt in th« basawat 
a®abraii© mA itratm oi'liairicswa daMug th® ao®t active p«rf.oi of baitfu.l« 
diff®r«stiatio% r@i«bliag the dam f®ath«r ia thii i*i-!9p®et. It mm 
sufgesttd that la th« ^wlcpwut dt the i&m and Jtirosil© featl^r,. phos­
phatase play» a AiaJ. rol@| first ia ttw ohamical i4iff@wntiatioii of cells 
ia tto dcsra f«atl»r, ani »«©md i» the transport and/or aeiifioatim of 
mm ®at®rial« passlag into the «fi#iMis la i®ti"TOly iifferentiatiag 
r®^dm. 
kl 
3, If ijft tto# i&m fm%hMT$ riteoaaeltie aeid w&® i&mA chttfly ia ©pi-
^mis. a the shsa^ ©«lls It *as mvj ©onetnirfttsi ta maA abov® tlii^ 
cellar^ f aii»g enfc t]to eyliiiiil0« sxA all of 
th» ©®11» eensiiftaratol® acewttlstioiis of lH, ©^eelally la tl» 
eyleplaw tlot lay adjte&i^ to tte falp, mmh m iits th® ©aie 1» tli® dssa 
f«ath«P:. Wme the tmm&tlm of tie 1sis% ridm^$ the Mi wai lost' frm 
iaH ©f tte mils mmept thost aA'liif ap tlMi baiteil® plat®# S@» it e©»-
t© atcoBolst® ttsfcil tl» was -fttarly af-toy wfcdeli It 
dwiiiaited iwmy, lesaaa® ©f tl» «l«ae ®oi*r®laii©n "bttweea iM wtd site® of 
larga ^aatiMes  ^pwt«iai» it m® taggisted tlmt MA ma ia s«aie w&f 
r»latti to tti® spifcbttis of pfoteias* 
ftealleliag ilb©mc3®i« wiii, proteins wsm f©laad ia larg® qaantity 
ia tl» slieatli ab^ro Hie eeXl&T m<& tm th® baifettle plsi^ e®lli In Ifttei? 
st^ agis of ttoir f03*tim« la a&aittai^ . aassive ammmtrntimM Ijb tlai 
filj#jis and e®ll» of tim pa^Jtla mm ofessrrotS ia later .stagea of d@v«lo|>-
ffl®iit,, lisalfi^ t«'St8 inslieatsd ttet these Makag&s w®» present is th« 
»li@ath •aai fearbalet, Imt att in the p8pill«.» 
fQljmmQimMm yeaetl-ws- to at lt=a«t Iwo stai»i»g t«olmi«|i»s wr« 
oteaarfed# lBtaelir€««.ti«3 a«ti *W!O]^3ysae0l»ri.d«@ we» in tlit 
palp Jttat^ ateow the ppllla# polyiMShaxld®® •mm pmrnrnt 
in tto pipilla as -wH at tlie pilpt aafl als© in the iaiwsl tissti© ef th® 
folliel®# la a«MiticiB., a fAS-f«aetiw ba«al mBmhrmm mm pmma% btt-w®®© 
«» pilf aai #fcfmt« cylijaaile« i» %hm eoHar aad rm&gmms MtM 
wam^lj'$mdlmwMm M^mamA t© iMmlmS. ia saipert and traa^drfc of 
amtritiTO fAsfcaaets t© th® wliettor it mi eoiaseeted witfe 
phoipliatai® or sot 'wm sot liiteiraiBM* polyiTOeteidies 
s«M®i to nmrm is th® si^O'rt of tb® pilp md featfesr e^iiiadsr# 
6, cayeofta WW p»se»t ia tl» fttip Jmst papOl®., ia tli® 
ffisAillajpy of %1m b«3E% stw »i oi tl» ifiaeMtf m& M tl» 
©®lls iaHng mmrlj all of %im early firt  ^th«ir diff«re»tiatio».# 01ye«i-
pa ##e«d t© to® ©oiwlsfeei with lc®i«tisdwfei©ii| It &lm mi^ 
he ubilim4 by mstiw mXls lawimf « po&r blood siapply. 
7m aipM® mm i© fin# ^gmm3a-§ ia &m eft&pl&m «kP the eollar 
0«lls aM t© Mfg® (nomm gmmlea to «*e3?«pl».p» of iiital portim® ef 
tli« pilp* 
LJSlMTUiE e^lfSD 
Itkiasm, W* B# fflrt Hf"*!*!, 1, Wklw dP alkaltoe ph&sh^ 
phatase In the ©f tim mmse by «str©^Q# lad©* li©*30»»|6, 
!• 1# «i It i.» 1952. TbBg ©ffeets of ®sti»opn 
'md aet^ lcholaxttfetwiw ©a3ret»©^®#4« m pho«pM%&m 
wtifities ia il» .pi^tal tract of ami#' mti, falnaa pigSf aai 
rabfeit«» ^T, imr* Anat# S'OtlSl-MI, 
bmmej, 9» 2.flt3« tl» odf a3&alt»e phcssphatas® is. fallows 
tis»#s» %i®ar%* Smr, ^ ssper*. hipsioi* 32il-20» 
Brao}»t# l.» Ifltf# fcslfl© »ssids In tli® ©ell «ad Symp, Soc# 
l^tr. Biol, 
a»dfi©M| 1# §• Slyeo^n of f@pb®b»t» «piit*®S.a» Satut®' 
UliWa, 
* lfl?lb» Ifeo^3lMit8a®« mi'mtt^lsi© mM* la gltndsi ejfeo-
6hw4©«l «sp®©%« of fibililar psroteia ^art, Jotir, Stler* 
QeU f2fs?-lia* 
fcnfeinf. In W$0, the ii'itrlbttttc® e€ aeii mcopolysiteetefiies to 
»amallaii %!»«# m mm&l&i by 1W.»tooh«i0al a«tlioiii^# Ian# I# T, 
lead* sei, ?tf9?t-98t» 
Cairas, *«, Ixiduefcion of T@giomX sp®mfieity ia featltoj* 
sto«5tttr«# aeat. rec* lll:u52-4i53* 
i«l Smmdersp I • 3.9Sii« fhi tufliiwa©® ef «rt5-ryoM.e 
a®soi8» on tlis i»itGB®4 specifie*tiai ^ epii«»il si®flTati"TOs ta 
tbo ehlek, Jofflr# Zool., lgTiti2,-2l^8» 
T» ifh® »lations between nucleic aeid a»l p»otela 
Sm, Mxper, Biol, Itl27-l5l, 
Slaade,. .A« m cell®! aerptelegy, •olMffiieal eo»8titwfclon« 
sua dis%3?ibttM«aa of bloofeeMde®^ fiiaetioa®. ' lferr«y iaetures, ^S®r» h3» 
jan, 15» 
.» 195©* Stodl#® m mM «©f^ol6gy aad fwnctiesBssr wthods and 
wsalto.. tea. I. Im AmA, Bed, SOi8Stt-8^« 
S«Bt®llii #. ?. If51* Alk®lia8- pho^^ta®# mi coatimetile proteins. 
lat«rt l.68i£d»^ 65» 
F» I9S3* Cytocsheaistiy, ^olm Wiley & Sais, tm* S«r TojSc. 
DavidsonJ. IfkT* tl» iistiltaitic*! ef mclet© aelis to tissues* 
Byw^t soo» lt»lf l.l77»8$« 
"Bmlmg i» !• I88f.. Bl« 'feitwlekliiig «ter FMer mi itos ^nimbanmrn an 
aii<le»a lospli# ••tahy* i^ is60-^ 5» 
F«ll, i» B* ai^ Baatalli, I# f • fH« aais:p»i of li®altag wouMs# 
I* this dlatrifentiott alk^ia® pliospkBmoao»itsras© in «xp-«rto«»tal 
womwii ai^ btOT®. la th® 3&m^, S^r» Path# ^sl^6-20S« 
Qirmd, aai 1» 1930, la. klratiM.iatiM it i:»rfpMtm# «t 
4«s 'phiaiiseg, Awh.» lorphol. 2f t?-83,. 
&©ff, 1# A, l^ltf. ^mslopftcnt of th® »©soi#Wial of f®ail»r 
p-»s ©f '©liS,©k Jour# Morpliol* 85lWi3-%8l, 
GbMt I# -fflisl Oottld, i» S# 19^1« Golla^a flfetr forsatic® aai alka-
llii® pho®piiataf0» Imh* Bioc1i«0i» 33tiS^l^. 
Qm&vi^ 6* If39* Mi^TOtfOhBieal i«oa«t»tl« phosphata» in tissn® 
sectioi®. ft*©®* $m* Ixper. and IM. |,2!23-26, 
« 195t.- litTOtesopi© MstmhrnittTf, palneiples and practie®# 
' """'wiiy0wlty of 8m.ei®® rws#, cmcago* 
Mmh-m^Tf f. md laiiltoii, !• !..» lfSl« A ot B®wal staget M tht 
ia'TOlopieat of the ebiek ^oar, SSilf-ft. 
ifcuailtmis !• ^ asad Imtag, A. I«. IfSIi,. Chaiigis in stiuotar® 
ppotewd Isy a phosphataie-liiMbitor. inat. lec* 120t?10»711» 
M. H. If52« fi» Mstoch«i'iatiy sf teir fo31iel®« ia aowi#. 
r^* ^ mr*- i«#t« 901285-338« 
HstaMciss, 1* D» lf|0,. 1 aioretlwleal reiultiag i® th© st^aiaiiig 
of I»lysae«harf '^ st«iet«»9s in fiMi tiam® pffp&mtioas, larsh, 
lioetei. 16tl31-lto» 
JeiiviMBf J* 4. 1883. th® ^i<tewl mfs^m ^ birds. Froe. Bost* See. 
Ifet. aist.. 22t203»tltl, 
Johnson., F. L* 'aod Berelatt^r, 0» CEycogen and. pho^hatase in the 
d«T«lopiiig l»ir« teat# Bee* 9!Sslf3~199#^ 
* 19l»?a» flwa. loeallsatic® df alks^ns phosphatase 
SS" ^yei^nlSTtlK deTOl^rtag iown f«.atMr» Aii»t. l@o« :^8flli?-.1^8# 
» 19lf7b# Olyeo^B mS. alkaain® phospl»taa© in tl« 
irolopsbgl^ sr jte«t#'lsg» 99*633* 
$1-
J©lm0#% P. 1..J Butcher, E. 0#, a»d I^TOlanAir, Q, fli© ilstilbtttion 
of alkalia® phosphatase to the ejeMc gr0»th of th® rat hair 
laat# le«. f3s355~362» 
tmirngf A. I-f 1953. l<oe^isatioa of ©aipie syste®® md nweleie acMa in 
th» developing dom feather of the ehidte^# fi^ahllshed 1» S. Thesis,' 
%'m& State Gollef® lAbrary* AagSt Icwa# 
m SiMoabmi.ml localiaatioii of so» of th« ooastituents 
~*~*eF%be d©"«sl©piag feather*. Aaat* 'B@e» 120f7l3-75lt, 
tad fadltcm, H. !*• 195U.' lisealisatloa ^ ©nsjo© sfst«s, 
Bttcleic acids, and polysacdiaridiBS Aalag morphogeaisia ia tlm dam 
f«ath»r of th® chick. Ijisr. Joor. i«at, f$i75-108« 
Iwiag, Am 1# aad IbMBtlalii T* S* 1952. fhe relatloa between rlbo» 
imelei© a«id €®d imie twosport across ti» ®«11 tarfa©®# Jc«ir» 
6«11* ttd %Oi33T~3U5. 
ImnimTt S, *# l?5t» Stttdies m %hm lartal saJl-faiy glaad of testc^hila, 
HI.. fh« histechmieal loealliatim aafl possibls ©igaificsm^ of 
rtboamcleic acid, al^alii® pho^hataw ai  ^pol^«seharid«» Mm%* 
l®e, llli:633-652* 
Millet 151*0. rt^tology of develoment of the feather. III. 
^wth ©f the raesodexaal constituents and blood ©ircmlatioii In tl»8 
palp# Pto^iel. Zof^, l|tll*3*l?^« 
, Wh2, Ca th« f«ath®r«., liol. l©v» 17i2ii7-266, 
IB»1 #«te% M. 193S« ffc® physiology of dsTOlepwat of f«athers» 
%s»rth »t« mxA patte«a .t» ths iadi^idaal fsather. Ph^iolt 
2ool. Iiiat-lflli. 
aM » If30# • Riysiel^ ©f d«TOlop®»t of the'f®athsr» 
' ST i3®a«i?S' pHoeiples ef d«*el^»Bt *ltli social rtferenct to th® 
aftex^f««th©r» Ffey»i©l. 2©©!# ]dA3^4ili8* 
and Vang:, H, IfliQ, te«rJ^»ts m tbe morpho^mais of •&« 
^ !iath®r. Aaat. lae. 7ii3.^«a30. 
asi .> l^ltl# Riysioloff of d«f@lo|!*iit of tl» f®atl»r, 
it" &p»xsi«lai jsorphisgitiwils, Pi^^iol. Zoel, 3lnl03-ll3* 
» Wkt* Sh» productioa ai^ aaalysi® of featbar-
'""•"""S&aerae^H'Terl, laat# !##• 81^:^27# 
and . 19li3* Physiolo©' of dewlop^at cf. tto f©ath®r# 
~~fir fhe'proSSilm a»d analysis ®f f®a1^®r-eMMi«ra«' .Ss fowl,, agrsidl. 
2ool, Ma-21. 
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lobtrtssm, *• ^fiEB 1.,. Daaihtt®, F. *», :sm& letikoff. A,. B* 1^$0» fli® 
of conaective tissual »b»RC# of allcali»» pfcospliatas® in 
eollasitt flb«r® dwiiig fduamtten, Brit. feper. Mth* 31t 
Sauatersi J., *«, Jr* An expesrfaaeatal ©f tto® iistilbtiticR, 
©3p40i^ati<m> aai'traet specificltj of featMr p»» Is tlm "Wing of 
the ehii^  «ibfyo. itaa.t» e8.c. ^9s^7**^s» 
> 193%* T&le ef ih® ms^m la oi^sBiaiag tti® 
sp©fdfi@ity of ieAfatiTOi ta the ^ia ©f th® ohtel:. Aaat# 
fee, luiiilo. 
Strong, 1» 1, lf02, ffee ^«3,^a®iit ctf eolsr i» t&® ^eftoitiv® f®atl»r, 
Ml# of tl» Misiftta of Cowp# larvai^ Ooll^ lt©ili»t««.3,8S» 
Wai®, 1» ft» aiorphogenetlc'role of il» ie»&l «eaips«eiA of thm 
papilla, mi f®atl»i|wforsaiRg capacity ©f the p»®»l fQHiemlajp' 
«pi^i«if, -Aaati. l«e. 8Us^27-528. 
« fli« !ttiiTjfe#iei»tie foaetioiw of ©piiixiial toi i®i»aX 
exponents of tht pairfjla ia fsatfeer TO^otratioo. ftyai©!. Zml* 
16*325-350. 
Wialoeki, Q# 1. aad B^i«y, 1,. W* IfltS# lletoelMiAcal »aetiont of the 
ia pw^aa^t ^er» «l«f. Atat, 77 0^103* 
« 19h6. Iftstrmtiaag m ^.elimdlcal •(gytoloiiy 
' miMl htmSl^ kisaopoiitie tl8stt#s« Aaiel, Bee«. f6itlt9-27?» 
W©3jiaa, M, and 'Beitar, IfSt# A wtM ©f fia»ti« for «as5ffi®» 
c^oefeMistry asi eytolosr, Cell l©s. 3i6l^-4tl» 
fM» tswitliatlega wm mppor^^ % a »aea»]^ ^m% C«21?5 C (1 & S), 
fyw tlis 9mm$mh. QmaS^s sad. FellowglApBimeh, latioaai Cwicey 
0» i, -Petblia ^leidLtlt Servic®* 'fh© •writm .hsM a 'potitim as Itseareh 
Assoeiats •andgy tids grMt ftsS w©rl»A aa^r tli« diweti® ef fe. Hwart I«, 
l«litoa» ll» liiAtftr hew Kiil»s to iljiBBk Dr, Sailltoa for s^ge.fil»g th© 
|jr«A1l«t for ti» ^dteee aai htlpfol ®tgg@sti«a aid eiltleiiffis hs 
hm glf®a diaiBg tto emrm of tMJ is*e»fcigaMoB» 

t 
figam-M 'mm ^ in©abat#i for em hxm at 3?® 8.# la » ifelutitn 
eaitfttoiag glyets^lios^t©, th«f» t»ated to i^wal phosfiiatas®. 
Fig, 1. j&oagitttdiiial seotion of a dmm feathwr trm to H-dmy @abr^ 
shewing the «ctte«atratim of alkali» photphata^ «t mid h@lm tl» toaw of 
tlMi fe«b]b®r# lot# %im ^waiing the r®i.ctioii lat© tto® wsmete^ 
"^mth the bat® and %hB linking of reaetiw metm c# ad3«»»t gems. 
I 9Q* 
Pig, t« ioBgltniinal' S0oti« rf « Jwroail© feather frm ttos Mug of m 
aS-d^ let® tl» »a©tiTlty of ti® palp ef th® fsather s^e^ttjag 
sligjitlj tilt feat® •«§ ^ p®-slpli«3fy 'af the feather ey3J.ater» X fO* 
Hg* 3*' laufitudinal secticsa of a wing fe»tl«p .frc» ,«t l6^y 
siiowlBf ill® dermal base of the feather fre# fTM i&etn^ataa® otact 
to th@ ^tiannal cylinder, where actiTity •attMs mmlj to iWte 'lerol 
tl» G©ll«r,, The nuclei of th® collar and rwo^aoMt %me J«st &h0m it 
ar© «lao aowwhat reactiim# I 90:# 
fig# toiigltttii»l ##eti«a of a f®atl»r frc« a lT-4ay antey©.# fh«:r@ 
i0 nmm pbmpim^me aiat to tlit isp4<l©iffli»|, «at@n^g tcwiawiii tijs baiw of 
til® fttHp.- .I«ti'¥ity cm l» ©fes®rffed in tfe® nuclei of ttei coHw aod raao-
paictts %meif mi also in the follicttlar ist'lls. ftm aetiirity in tb® 
follicls aK^ear# «a m iMsk lto« mtsid® %lm ftathw fr«^r» X |5« 
fif» S» Iimgitudiiml s»ti©a a feather frm tb© "wliig of a 19-4ay 
(Wtoryo, AH actifity :hss disapptaiM from tte teas®' of ^ f«ath®r. 
Plio.siAiat«««*aiC!tif® i^p «t«i3s& betwem th® bss%. rid®&i, laial 
«t®ry can be s©®a ia the o«ter of ^ leip-* feather hm mlm^A 
©(msiderably fr«» til® si« s#®s at g«"wat@®a C^ig# It). X 3f• 
Ftg* 6* Iffl^twidinal section of "ttit loror part a *iiig featbsr after 
harti«ltog« th« axial artery pa®s#a up the emttr ctf th® pilp,. ilool 
slaasts can T» s^iwrpsi lattMl to it. l©"te th« itjrtipt ftsarb of pJios-
ph«ta®« actifity la th»' .®mfer tte feather, -with mrrmmT pesiftoria,, 
Ic^i of actiifity# fhis# tw© r®i^,ais ^rga dittiily to fom ^tii® eyliiid«r 
of aetiiTe pulp. 
Hg, 't. Qitma- aefttisii ^ IweMl® i^teg feather «s£ a SCWtey «rf>iyo 
at th« lewl of tlw! f«o®ei»M- am®, central, MJtty reaetiT# 
palp can 1» #«©% iwrrowadtod by leas »aetiv@ pulp ubieh is el©»ely 
aj^lied to the epi^ati#, 'fh® i^acef nmr th® demo-«®fii©«®l booaiitry 
mm prohAXj aitifaett, Aotiirity &m sdlso b® ©bserrot in %h$ melet dt 
th# •®tratws cyllMricm. X 
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fig*. 8, Gtos® tection of a 22-day -wir^ feather at tli® l@f«l of barb 
fofmation. lot® the phosphatase-reacti^ piilp cl«®ly A|5pli<^ t© tli« 
lldgif and th® activity of the basement membrane mS. waclei of tli« 
gt»ttaa cyllarfidem* Phosphatase-active pulp adh@»t elo»ly t© th® 
AadJis also, tat tl» ©piaersiis i» non-reafiti?®# 
W»g, f • faapiixtial stiitioa of tl» li«b fidg®® tmm a lf«4sy srtbtg^* 
Ili®i(^tas#»i»active piljp passet l>etwe©a tl» feii% rM-get f er Mtm 
PttS II 
Flfnf«s 10-3.7 sm wmttmrn fs£ Jm'W'Kil.© ning f«atli®rs 
af ©M^ m^ryos «&• vuxims of iswii^wsfe. 
fig*. 10., feather £vm a 2.f<-4ay mbryo t»at«i «ith' tM- ptrioiie aeii-
SeMff*® 'imgent* 1S» "piliJ »t^BS wakly,' o©«rs®lf gwailsup 
Mtbataae# in tfe® pulp aboro- tto@ collar lef®l i« glf0o.gtii, wMeh is 
b@.gteiiag to ae^aalA'te' «t tM# stagi# I !<»#. 
Fig. n# Fsatheir f*»c® a tg-iay ©lis^ itala®i the PM te«tei^. 
lot© th© dsiSE fftmmlm of #yes^a «itii«t#i «b©w th©' pipHla. fi» wt-
aatodter of the pulp ai^ iM^illa »tates waily# ©pi^Mis i» ©nMmly 
iM'gatiti.* I \ 
fig, 12*, Wing feather frcaa a «tei^ statB«i tm prot®iii "witli 
»rc^M,e chloride-brcsaphenol bla©» fb» piil|> md epidemi# boldi stais, 
la tii© base of the papilla th@ heavier staia iiAliat®® the .early adswa-
totiaa of fibers. The dark, b»BChed .st«i©tiw«» in th® e^^mit mm 
mlmGphtms* X 100.. 
Ilf.• 15, Wing .feather irm a ta-is^ ®ofei^- ftaSned for protein with %-
iote the bmty itata ia 14®- mA ««p«ciaaiy tl® desply 
staiji«d papilla# iteieli't©asisti sf «l®s«ly ptektd ®@ll.i ttd Ijescully--
itainlag'fibers. X 
Fig* lli» Wiag f#ath«r fr« m tsbryo stsiati -sith tolxiidia© bltt«. 
fh® peip adj8M5«ttt to tba epidS'Mii'lii the ©©liar attd riaogenous s«® 
staias mom %bm th® e»timl arta®* fbe epiMmls sarf follitulw wall 
also shew ©oiiiiitriftjle ba.so^lia, I .100» 
Pig, 1|., Wing feather frsa'a 16-^y e»bi '^ ttained with tolaidlae M.w 
after &g«stio» 'with .rib«a®leit®e# There is loss of eyfe^oplasmie hm&^ 
^yJLia 'that is p$Erti©ilarly sparest in th® sheath etUs smd is %hm nmrm 
rMset ef •pidenMil «^$pli» bowiding the pilp# I 100. 
Fig. M, WiM feather tvm a 22-day ©jiibryo 8t®iii«i with toltdldine bl»i,. 
fh® gm&t SGsssaalatiott ©f ia th@ epidem'Sji ©aa 'im »mn, to the left 
i# ft a«»a ia *W.eh til ocotirs only ia th® psriphei^ sheate ©«lls.. 
fl» foUiei^r mil ®1®0 irtidLa® heavily, X , 
Fig, 17. ViBg tm&thmr from a gt-dsgr eBtoryo attained with toliaidtoe bits® 
after tt.gi«ti<a 'irith riLbonucleas#, The basopMli* ef -ttte ©ytoplaia h '^ 
di»iip^ar®d» fhe sheath nuclei as?® colorless isx •©eatraitt- to the 
i»gl«i ef th@ 0yliafli4»ai aaid iBt®«irtliw.» ' tto iaik ital» ia tl» pilp 
abof® th® p^illa is th« ttetaehrMSJia -dt aeii .«B©-i^3yasae€hial^.. .X 35 • 

WMS III 
lB»fl a» all ef JwtoMI# "Wiag festl^rs at 
the l®"f®l ef th® baA t 
Fig, IS. Feattwi* irm. a 22-day ehlcte (2 days post MteMjag) statotd Iby 
the fM technic, ffe© follicle around the fsat^s* stains dartcly da# to 
m mitetified po^«charid8. In tho bait>ule plit#, glyoe^a ttajjw 
iM tlm aytoplaas of tl» mm perlpMral cells. It is espeelally eameB-
t»t«d at ttoir iawr eifes, ?fhich ave elongating tiwwrtf tl» «taath at 
this Irwl, 
Fif. 19» fteather frm & 22-day cM#: (t'days pwfc liat«Mi«) 'Stuteed for 
gly8©^li« Note the largs grantiles 'ia tfe® »@ittllayy #«lls dt Wm toaife 
itfflsfl' i@®d rhachis (center). This it «t ft ffiO» #.»t®l lfiv®l tlmn Fig#. 18, 
tht bsrbiile atHs art'fully aiff«r®sfeiiite<i (tap) m& && got .ftain, 
fig, to# F«atl»r-frc» m i2-4ay cM-ck <2 teteWj^) st«£a«d 
•with toltiidine blue to te'«tt¥mt« Mk, The !!»« eiali ^eef th® b»lm.l® 
cells stain darkly ia eo»t»st to the large, isA« Roelti wltli tfcwlje 
prcffllnant, darKLy stained lacleoli. It tl^ ^ ia the rhadais# stoeing 
the irreg^alar localiaation ©f RM in ©ills nmr tht s^ath Cleft)#, 
The undifferentiated c@ll.s at th© Sjm&T tip «f Ae l5is% srl^s ii«t 
to ths pulp tidll fo» ths iMAilla aod ©dri^ of tlii ®t«i, 
M.g# 21. F«atl»r fwm aa 18-day «teyo stsimd 'with ig-11® for p3?ot»lii, 
'The abssath ataios btsiHy (l®ft). Tim ha«btil@ eill® ws attaioiiig thsi* 
fially diffei«Mfeiat®d 'itat® and contadn coBsidter^ls pwtelji* the lati^ 
atdailaiy etllt of tte baife staa fail to shm nwsii prn^ixi* 

FIAfi If 
Fig. 22, i, %«isatial iectioii of « feather frm a If-^y .tfiOTtng 
mk in tl» 'fhe baifeil# cells esit«.i» ©oi«id©rable eyto-
plasaxo .la, C«^«wK  ^
M4» t3* A ftodar ftaitey sfcaiaii. with blw aftt^r iigestim 
*ith lo^ %M l«ii ftaAnisg la -tt® b«twl« 
e#lli (astm), 1 -fc30» 
Fig, 2lu M oil tor^rsion photograph of tfc» e©ll«r .re^oa csf a f®ath«r 
(22«diay embryo) after stair^i; by tl» PAS ofitboi, lot® ^b» litiwy staia 
in the follicular dermis (top). sheath Mai not y®t split iste %!fa 
layers at thi.s level. At th(b inner edge the tpi^wls m Irxegttlar 
a«3®braae can be seen between this Isysr aaft th# papUla., fl» papiH* 
Cbottoa) also contains a PAS-reactiir® polyi«ecAia,ild@-, fim itainei «Bt#il«l 
shews ia thfise regitms is not glycognn, 
fgg, 25. A longitMjtoal secticm ef the rhaehis of & feather Cf2-toy»| 
i.e., l~day post hatching) stained m±%h fAB to glycopa, fct® tiw 
TiTO^lar iiw ^ iiitribtttiiai 'rf th®- gpawl«® la th« n®&illafy o@lls. 
X U30. 
Mg. 26, A l«gitu«ilnid secticaa of the rhachis' a feather C22«iays) 
stained for p»t«3a Ig-BM. , lot® th® hemj ©tala d£ tbi immr 
o©rtioal layer Cil^) Mad th« iark-ttainii^ <»ll wsOls o£ th® »dulla» 
nuclei art •pvmimnt,. bat littl® cytoplasm a® b« mm, I k30* 

